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A, TFOREWORD

It is believed by authorities in the field of physical testing that the
dynamic characteristics of a material under impact conditions may be a func-
tion of the velocity of impact. Some experimental work has been done in this
field which in general confirms this opinion. However the validity of the
data is questionable hecause of either or both of the following factors:-

1. The particular design of the test apparatus used.

2. Mechanical or instrumental errcrs in the measuraments of

striking velocity and encrgy of rupture,

In view of the dearth of knowledge on this subject, there exists a def-
inite requirement for a research tool of high precision and flexibility of
operation which will be capable of exploring impact phencmena. A complete
evaluation of this behavior may well require further experméntal data than
simply the correlation of striking velocity with the total energy of rupture.
Such further dats may need to be concerned with cne or move of the following
items.

1. Geometry and elastance of the striking surface.

2. The changing nature and magnitude of the striking force,

3. The varying amounts of the ensrgy absorbad by the test specimen

as a function of the specimen displacement.

L. The nature and magnitude of the deceleration of the striking

member during the rupture cycle.

There currerily exists soms incompatibility of observed impact values
among various users of standardized impact testing apparatus. This may be

due to inaccurate salibraticn of th=s apperata or carsless maintainance of

— i < ct—— —
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the equipment; or inherent lack of sufficient precision in the measurement

of rupture energy.

B, OBJECTIVES OF THE CURRENT INVESTIGATION

Prior to the execution of this contract, several conferenoes were held
with technical representatives of the Mechanical Testing Section of Watertown

Arsenal to discuss the problem of designing and building a high velocity im-

‘pact testing device., It was initially proposed to negotiate a contract hav-

ing this objective,

Subsequent study of this problem by the enginsering staff of the Hesse-
Eastern Corp. disclosed certain factors which indicated the desirability of
changing the objsctive from that originally envisioned. This was necessitated
by the difficulty in arriving at a satisfactory scope of work for the contract-
ual needs, together with the extreme difficulty of estimating at all realistic-
ally the costs of a program in which it was apparent that a considerable nun-
ber of intangible factors were involved and whers their relative magnitude
could not be estimated short of actuall~ performing the required research upon
them, There was, furthermors;, no clear-cut indication that the final objeci-
ive of a prototype operating modsl could be achieved, Following a discussion
of this situation, an alternate scope was prepared and was subsequently effec-
tuated as Contract DA--19-020--0RD-1792 wherein the objective was an engineering
feasibility study of the probiem to determine the practicability of the pre-

viously cited objective. This contract was executed on 26 May 1952 and the
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several engineering studies outlined in the scope of the contract have Pro-
gressed to the point where certein definite conclusions and recommendations

can be justified,

The purpose of this report ic to review the course which this investigation

has followed and to summarize ocur technical findings.

C. BASIC FLEMENTS OF AN IMPACT TESTING SYSTEM

For the analytical purposes of this investigation, the system for impact
testing was broken down into the following elements:-
1, Input encrgy, - the type and magnitude of the initial energy in
the system at the moment of initial contact of the striker apon
the test spacinen,

2, The magnitude and dispositicn of residual system energy; = fole

lowing rupture of the test specinmen.

3. Specimen mounting, - relation of the specimen and its mounting

fixture to the striking member.

L. Speeimen positioning, - the means for moving the specimen into

striking position,

5. Methods for measuring the energy of rupture.

These five elements, in conjunction with the requiremente of a high strik-
ing velocity and a velativelr high accuracy in the measuresment of rupture
ensrgy, establish the major paramsters of a complete testing mechanism. From
a study of these various factors individually and in combination, specific

conclusions can be reached, the effect of which is o narrow ihe area of
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potential solutions for a theoretical system, These generalised oconclusions

may be stated as follows:-

1,
2,
3

b,

The Linear System should be disecarded as impractical.

The Rotary System appears thaoretically feasible,

Input ernergies at high striking velocities may exceed the
required maximum ene:gy of rupture by a ratio of 5,000 or
more to 1,

An acceptable accuracy in the measurement of rupture energy can

be obtained oniy by = diree¢t mzasurement of this energy.

- D, DISCUSSION

The basie for arriving ct these conclusions is discussed briefly in the

following paragraphs. A sonsiderabls amount of engineering time was required

for this evaluation, the details of whish have previously been reported. The

purpose at this time is tc review enly those elements of primary significance.

1. Linear Systen:-

The essential elemenis of 3 lineax System can be considered to consist of:

an

b

Co

d.

A striking member of sufficient mass to supply the required
input energy.

A means for guiding and accelerating this mass to the required
terminal striking velocities. For example, an air gun principle_.,
A means for supporting the tesi specimens and for disposing of
the fractured piccas.

A recziver mechanism for decelerating this mass followlng speci-

men ruptura.

&=
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It has been determined, as a later section of this report will discuss in
some detail, that the only practical means for obtaining sufficient accuracy
in the energy of rupture is to measure this energy directly. This requirement
imposes rather severe limitat.ions upon the design of the alr guns to wit, the
accelerated mass must be limited rigorously to translatory motion only. %his
means that the crossesection of the air gun must be rectangular in shape to
preserve true linearity of motion. Although this is not an impossible condi-
tion, it becomes highly impractical from the standpoint of manufacture and
maintainance.

The following tabulation indicates certain physical properties of 2 sys-
tem of this kind.

| TABLE. 1 = PROPERTIES OF THE STRIKING MAGS

Slug Length® |  Slug Welght. Energy in fi-1bs
in inches in lbs. @ 17 fom @ 500 fps
12 7.1 AL 29,500
8L 53.5 2110 208,000

*These lengths and weights are for a uniform cross-
section of 3/L4" x 3" and are exclusive of the spec
imen striker.

It becomes apparent that a major problem; bordering upon the impractieal,
is involved in designing a satisfactory deceleration apparatus for absorbing
the residusl energy in the system after high velocity impact. It appears
extremely unlikely that a satisfactory meens can be devised for disgposiug of

the fractured elements of both the Ilzod and Charpy specimens without creeting

an interference with the deceleration apparatus. Furthermors, it does not
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appear possible to use this kind of system for testing the impact tension
specimen. It is therelore our opinion that a Linear System does not pro-
vide a satisfactory solution for the contraectual wequivements >f this in-
vestigation,

2. Rotary System:-

The essential elements of a Rotavy Sysiem congist of:

s, A rotating dise suitably mounted =nd journalled and hawing suiicien?
rotative velocity and inertla to satisfy the energy and striking roquiremencs
of the test spacimens,

L. A holding fixture and positioning mechanisa for locating the spaei -
men in proper striking position with reupact to a2 projecting lug attached
to the disc, This lug might be a fixed,; external projection or might be
radially guided on ways to move beyond tha pesriphery of the disc, into strike
ing position.

¢, A power drive and hydraulic or friction braking means.

The dimensions and properties of the rotating dise, for various »ssumed

values; are indicated in the followlng tabuiation.

TABLE 11 - PROPERTIES OF THE ROTATING DISC

Rotor Dia,¥ Heicht - Spead in rpn Energy in ft-lbn |
in inches in lbs © 37 fps | @ 500 fps| @ 17 fps | @ 500 fps
12 2 325 9550 5 46,700 ,
32 171 122 3580 380 330,000
60 éoC 65 1910 1350 1,170,000

*Amsuming a conctant thickrsss of 374"

e sy

e



Hegse-Eastern Corp. Engineering Report #2 - 138

In this system as with the lLinear Fystem it is to be noted that the ini-
tial energy very greatly exceeds the rupture energy for maximum striking vel-
ocities. But for the Rotary System, the dissipation of the residual ensxgy
is easily accomplished by one of several braking means which can be applied
to the disc following specimen rupture.

A Rotary System appears capable of being adapted to impact testing of
the tension speeimsn as well as the Ivod and Charpy specimens. There is,
however,a difficult design problem inlierant in this system. This relatesa to
the apparatus for positioning the specimen within the periphery of the strik
er in the relatively short time interval available for the purpose. Design
layouts 'have been studied of severil schematic arrangements of 2 suit-
able mechanism. Approximate analyses have been made of spring-mass analogs
which indicate that a specimen movement of approximately 3/L" can be acconm-
plished in 12 milliseconds. This time provides a slight safety margin for
the preferred striking circle dismeter of approximately 32 inches. It may,
hovever, be necessary to increase this diameter somewhat. The following

tabulation indicates the relation of available time 1o rotor diameter.

TABLE III - AVAILABLE SPECIMEN POSITIONING TIME

[ Rovor Dia. Time, in Milliseconds,
| in ins, for 3300 of rot.ation____‘ |
@ 17 fps | @ SO0 fps
12 170 5.7
32 L53 15.L
60 88y 28.8

e B b v e e e e e e S e
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More extensive analysis and experimental confirmation of performance
characteristics will need to be performed on one ¢r more actual mschanisms
during the development phase of this project. Howaver, we fesl that the
positioning problem can be satisfactorily accomplished for all three types
of test specimen.

3. Mesthods for Measuring the Energy of Ruptwre:-

There are three methods by which the energy of rupture can be measured.
These methods are independent of the geometry of the dynamic system foxr rup-
turing the specimen, Howaver, the following comments are considered to apply
specifically to the Rotary System. These three methods are:

1. Megsurement of the energy in the dynamic system both before and after
rupturing the specimen, whersby the differences between the two measurements
becomes the energy of rupture,

2. Indirect measurement of rupture energy through the absoxption of
this energy into a pendulum or other device which supports the specimen dur-
ing rupture,

3. Direct measurement of rupture enez:gy through the measurement and
integration of the rupturing force versus its displacement.

Note:s A definition of the energy of rupture was arrived
at through a joint conference between representatives of
Watertown Arsenal and the Hesse-Eastern Corp, The definition
agreed upon was in substance as follows: "The energy of rup-

ture can be presumed to be the integral of the instantaneous

_8-
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force applied to the specimen with respect to the corres-

ponding displacement of the specimen.”

The measuremert of rupture ensrgy by the "before-and-ufter" method is
completely impraciical because of the large magnituds of enargy in the ays-
tem at high velocities; and the insignificant amount of this ene..gy which ia
abstracted from the system dwing test. This enargy is presumed to be meas.
ured by measwing the rotative velocity of the disc both before and afier rup-
ture of the %est specimen, from which AE = % i (w12 - w22). A probable error
in these velocity measuremcnts of 1 part in 1000 is about the maximum precis-
ion vhich can reasonably be oxpected. If the resulting error in AE is lim~
ited to 1 2%, the strildng veloclty camot execed L0 fps at AE = 200 fi-1bs;
or 2l; fps at AE = 50 ft-lbs, At 500 fps, this error becomes as high as
+ 335¢. This situation is graphically represented in Figure 1.

Tha second method ubilizes an indirech "measurement by eneirgy transfer”
techniove, This is a method whzreby the rupburs energy is transferred to
some supporking member free to move, guch as a pendulum. Knowing the chai-
acherristics oi thy pendulum; *ts resoiting motion is determined and trans.
lated into energy terms- This i3 the means used in the Mann machine, and
a thorough analysis of it has buen made in the Swann Heport. The system is
theoretically practical on the assumption that whe pendulum and associated
elements attached thereto constitute a complately rigid system, and that
the "rupture time" of the specimen exceeds the time required for the shock

vave (generated by ¢he striking force) to travel to the pendukum support.

——
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The theory breaks down in practice because these premises are violated undsy
high-velocity impact, The method must therafors be discarded as an e~nergy
measuring system,

The only remaining alternate becomes the devising of a system for meas-
uring the rupture energy directly. This would obviously be a preferred
method, if a satisfactory technique could be developed since it is completely
divorced from the physical characteristics of the energy input. A conclusion
to this effect was reached relatively early in the course of this investiga-
tion, and a major part of the engineering time and effort whieh has besn
expended to date has bsen directed toward achieving a theoretical system for
this direct energy measurement. To summarize this work, Engineering hKeport
#1, entitled "A Method for Direct Measurement of the Ene.gy of Rupture of
Impact Specimens", was issued in November,

E, THE ENERGY MEASURING SYSTEM

The following comments are supplementary to the discussion of the basic
theory outlined in Engineering Report #l. The present purpose is to explain
in more detail the characteristics of the data signals vepresenting "forca"
and "distance"; and to indicate how they are electronically related and come
bined into a recorded indication of "Energy of Rupture",

The output, of the interferomster is a series of pulse signals whose
total number may lie between 10S and 107o These eignals are generated each
time the striker element carrying the moving mirror of the optical system
rotates through the light beam of the interferometer. Thus, these signals
are repasated for sach revolution of tha rotating disc. The total number of
pulses 18 constant, but the time required to generate them will vary inverseo

ly with the rotor spsed. The range of this time interval is approximately
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127 to 2750 microseconds, corresponding to SOC fps and 17 fps peripheral
speed respectively.

For a conslant rotative spsed, the time duratiocs nf each individual
pulse will be constant., Yuring deceleration, the sucessive duration of
each individual pulse will inecrease. Theoretically these pulse chawvso-
teristics are a measure not only of the magnitude of the velocity, but
of its varylng natwre as well, This is a factor of considerable impor-
tance in the final determination of rupture energy; but the pulse daia as
generated i3 nol usable fcr this purpose without further modification.

An electromic circuit is employed for converting the individual pulges

of varying-time duration to pulses of constant-time duration. The frequency
and total number of pulses remains unchanged, however. This is accomnlished
by a "flip-flop" circuit such as is used in digital cmputers.

The total number of pulses gencrated corresponds to a definite distancs
(or arc of travel) of the striker-mirror. This distance exceeds the die
tance traveled by the striker during the rupture of the uest specimen.
Therzore, the signal generaied by the striker (force dynaniomstier) has a
total duration corresponding to buk a8 smell fraction of the total numben i
pulses generated. Since the number of pulses are a funciion of the Jdictarce
traveled by the strilmw-mirror, and sinece a force signal is being genexéted
by the striker dynamometzr only while it is in coruaect with the kest speci:
men, the combinzd signals are proportional to energy, since E = force x dis-
tance, The characteristics of these signals; however, ares varylng wivh
regpent to time., Herce, an electronic circult is required to reicte “Torcs’

e "distance™ in such a mamer taat the defini%e integral of ons with re
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gpect to the other can be obtained,

This function is performed by a "gate circult"™ in which the distance
measuring pulses act as a valve to permit the force signals to flow into the
energy-recording meter (ballistic galvanometer) for constant time intervals
corresponding to each individusl pulse., Varying quantities of electricity,
proportional to the magnitude of the fTorce signal, flow into the ballistic
galvanometer for these succeeding time intervals, The cumulative charge
stored in the galvanometer is thus proportional to the integrated force-
distance measurements and the galvanometer can be calibrated to read direct-
1y in tems of fi-1bs,

The several functions described above are schematically illustrated in .
‘Figures #2 and # 3 ., A block diagra.m of the complete Data Syst.e'm"is shown

in Figure # L.

F. AUXILIARY DATA ON SPECIMEN BEHAVIOR

In the Foreword to this report, brief mention was made of impact charace
teristics which may have a bearing on the dynamic behavior of the test sneci-
mens, The purpose of the following varagraphs is to discuss these theoretil-
cal congiderations more in detail as they vrelate to the proposed energy
measuring system,

If we can presumc 2 satisfactory ceduction to practice of this system
for measuring the energy of rupturs, the primary chjective will have been
attained, Thereby, some justifiable reliance can be placed upon ths rssult-
ing relations of rupture ensrgies to siriking velocities. It seems reasons

able to expect that the plotted results of these relationships may create

12w




Figure 2

CORRELLIATICN OF SIGNAL DATA

Constant Distance
Scanned Yy the Interfercmeter

"

Cutput of B c
Interfer-mucter i e o

System i ST e

Sutput of
Foree
Systanm

Lr\./,/ D

TS

- - Variable "distance" during
wich the striker is in contact
wlth the t=st specimen.

The signal data bounded by the "time arsa" A-B-C=D is converted into

Inergy of Rupture by appropriate eleetromic nstworks and recording apparatus,
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a problem of interpretation if variations in trends are observed correspond-
ing either to the "Mann effect" or to some other major deviation. Some
definite knowledge of the bechavior of the specimen and/or of the xupturing
force as functions of time durlng the "rupture cycle" may provide valuable
interpretative data.

Due to the type of the measuring signals generated and to the nature of
their associated electronic networks, it becomes possible to obtain and re-
cord time-varying data which may be amenable to analysis and which may
yield dynamic information of eonsiderable importance. These date might be
used to delineate the following characteristics: |

1. The changing nature and megnitude of the striking force.

2. The varylng amounts of the energy absorbed by the test
specimen as a function of the specimen displacemant.

3. The nature and magnitude of the deceleration of the
striking member during the rupture cycle,

The belief is currently held that the test specimen is subjected to but
a single impact by the striker, Thls may not necsssarily be true. Under cer-
tain striking velocities; multiple impacts of varying magnitudes may occur
and their frequency as well as their relative magx;itudes may vary not only
with the striking veloclty but also with the physical and metallurgical chare
acteristics of the test specimens, It is possible that this situation occurs
with the presently used test methods. But there is no means currently in use
for nbserving and recording this condition, if it doss exist. For the proposed
energy measuring system; the output from the force dynamometes can be separate-

ly fed to a cathode-ray oscillograph which will record, as Force vs. Tims; the




oLaslesn vorp- Enginsering Report #2 - 133

magnitudes and darations of impact contacts with the specimen during rupture.
Having a graphical delineation of these conditions, together with the record
of the displa 'ement of the siriking force, the varying amowunts of energy ab-

sorbed by tte spscimen can be obtained This may supply significant informa=

tion to accowmt for specimen behavior and may help to interpret any variations

in the trend of the plotted total rupture energy.

Possibly of contributary significanoe may be the deceleration of the
striker during the rupture cycle, especially at low veloecities., An osecillo-
graphic record of the interferometer data, as Displacement vs. Time, may
¥ield data of valus. By ocombining on the X and Y axes of a cathode-ray os-
cill.oscope; the slmultansous data from both the force dynamometer and the
in*erferometer, a graphical record can be obtalned of Force vs. Displacement.
These several data sources are indicated on the block diagram previously men-

tioned ( Figure #) )-

@, CONCLUSIONS

The results of this investigatlon can be bzrieflly swmarised as follows:
1. 4 theoretical system has been devised for high velocity
impact ¢osting, consisting of a wotatlive means for sup=
plying tho required energy and veloclty to the striker,
a movable suppor: for the test specimen, and a means fox

the direct measurement of rupburo energy

2. The successful intcgration of these neveral elements into
a full-scales working model ghould yield %est apparatus
capable of meeting the specified requivements of both a

high striking velocity end a velatively high precision

e

- —



—a— ¥

Hesse<Eastern Corp. Engineering Report #2 - 13B

of energy megsurement.

3. The feasibility of aciieving this objective rests
primarily upon the soundnoss of the theoretical
means proposed for measuring the rupture energy.

Lk, Existing principles of physies, optics and eleo-
tronics are utilized in this energy measuring
system to provide sensing elements capable of
producing instantaneous values of force and dis-
tancs with a high degree of precision.

S. Ar extensive program of research and development
will be required to perfect the elements of the
over-all system and to integrate them into a
full-scale working model.

6. A program to accomplish this objective is con-
sldered feasible and potentially capable of a

satisfactory solntion.

H. RECOMMENDATIONS FOR A PLAN OF PROCEDURE

I is undoubtedly recognized that a successful accomplishment of the
required objective involves applied research of a high order, demanding
the comiined efforts of mathematiclans, physicists, engineers and electronic
techniclans, Considerable study has bean given te the nature of the prob-
lems whieh are involved and to methods of attack upon them. Parallel in-
vestigations of soms elements are possible; but in many instances, the di-
rection of the research will be dictated by a sequential solving of interim
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problems,

The general nature of these investigations can be bracketed

into the following elements:-

L.

5.

model

Design and manuvfactura of bench layout; end breadboard
models, of interim mechanical and electronic elements.
Tests and evaluation of performanse for static and dy--
namic behavior under various exciting influeness,
Theoretical analyeses where required for the prediction
and interpretation of physical and electronic responsss
%o known input characteristics.

Analysis and synthises of networke to ccmpensate for
non-linearities of response.

Sub-eontyacting of special equipment and apparatue
such as the optical systecm of the interferometer,
mechanical and elzctronic components of the final
apparatus.

Assembly of the complete apparatus, calibiration,

pzoof-tests,

The conduct of these various types of Investigations nzeds to be
correlated with an over-all Plan of Procedure having specifie interim
objectives. The first of thesa objectives would Le the development of
the striker (forcs dynamome?or),; sines this &s the single, most imgortsni
element in the entlre system., This objechtive will be altained 1if bench
setups prove the striker capable of accturctely vepreducing kucwan

Inputs vader 2 wide range of tveyuencies.
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The second objective would then be the testing and evaluation of the
striker under standard test conditions. This would necessit#te the appli-
cation of striker to a Charpy Machine and the measurement of the striker
response againat calibrated test speecimens. The rupture energies would be
obtained from a computation of the force-time traces, and these would be
compared with the indicated machine results, If a satisfactory agreement
of energy values can be obtained, one of the major development tasks of
this program will have baen accompliched,

Simultaneously with the above work, design studies of a number of
mechanical and electroric details can be carried on, together with a paper
study of the interferometer system, Howsver, only a nominal amount of
expermintal testing of the other elements of the gystem would be undertaken
until a satisfactory performance of the striker is attained,

The next succeeding steps would be concerned with development of the
interferometer system, First, as a bench model to study the optical and
electronic performance under various control conditions. Then a study of
operating characteristics whan applied to a rotating diec. The development
of the machine elements, powar-drive, specimen-holding fixtures, interlocks
and controls could be carried on simultaneously wii.. the intarferometer
development,

The final stage of the program would be the testing, calibration and
evaluation of the completely integrated arsemdly., An extensive saries of
tests is contemplated for this final stage, using the auxiliary data circuits
for an evaluation of specimen behavior against thsoretical analyses. Initial

test would require considerable guantities of duplicate specimens for low-
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velocity testing in comparison with standard Charpy Machine tests of
similar specimens, A series of tests would be periormed at increasing
velocities o determine the conslancy of the mechine charzcteristice
as well as to provide data for tleoretical analyses of ensrgy-velocity

characteristics,

#CH:deh
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APPENDIX A

COST-PLUS-FIXED-FEE CONTRACT FOR RESEARCH AND DEVELOPMENT

Contract No, DA-19-020-ORD-1792

Department of the Army - Ordnance Corpe

Contract for: "Research on Impact Testing"
Amount: $12,575.00
Date of contract: 26 May 1952

ARTICLE I - Scope of Work

a. The objective of this theoretical study is to determine the feasibil-

(a)
(b)
(c)
(d)
(e)
(£)
(g)

tested.,

ity of developing, designing, and constructing apparatus for the impact test-
ing of ferrous and non-ferrous specimens and materials under various condi-
tions of striking velocity, including high-velocity, at room temperature and
at low temperature. This study will include, but not necessarily be limited
to, analysis and design considerations of the following items:

(1) Theoretical aspacis of the design parameters pertinent to the
system as a whole, such as

Striking valocities

Energy in-puts

Rates of epccimen loading

Geometry of the striking surface
Geomstry of the specimens under test
Inherent systen errors

Space limitations

{2) Lincar versus votntive systems for loading the specimens being
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(3) Systems of instrumentation for measuring data essential to an
evaluation of the spescimsn performance.

(k) Schematic design studies of one or more complete systems of test
apparatus, engineering layouts, circuit diagrams, and sub-assenbly details,
where needed to delineates the functioning of the various elements of the equip-

ment.

(S) Summary report of findings and supporting data for recommendations
and conclusions,

«20-
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APPENDIX B

SUMMARY OF STAFF PERSOMNNEL

Classification and Distribution of Total Hours -

Classification

1,
2.
3,

1.

Enginsering

Designing & Drafting

Reporting & Clerical
TOTAL

Engineering Staff:-

2

Total Hours ¢

1955 83
229 10
168 7
2352

Frank C. Hutchison - Technical Director

Edward S, Prohaska
John B. Zornig
Andreas M, Koehler
Nathan M, Fales
Henry F. Timmons
Paul V. Choate
Richard W. Stripp
Irving Franl

=3

4

-
£33
<

Project Engineer
Engineer

Jr. Fngineer

Jr, Engineer

Jr. Engineer

Jr. Engineer

Jr. Engineer

Jr. Engineer

Designing & Drafting Staff:-

3

Johr: F. Young
Morton J., Thorburn
Henxy A, Horton
Peter R. Jespersen
Gerald D. Perry
Robert P, Parthum
Bernard J. Noxton

Phillip J. Sacramone

= Degign Enginser

« Technical Illustrator
- Technical Illustrator
- Lgyout Drafteman

- Draftsman

- Student Engineor
Student Engineex
Student Engineer

Reporting & Clerical Staff:-

Doris E, Hopkins - Administrative Asst.
Gloria Sabean - Report Clerk
Barbara F, Hayes = Report Clerk
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APP DIX C

INGINEERING PLAN OF PROCEDURE POR THE DEVELOPNENT OF
A_PROTOTYPE HIGH-VELOCITY IMPACT TESTING MACHINE

The following outline is a tentative plan of attack for accomplishing
the above objective. The research and development phases would, in general,
follow sequentially as outlined.

Y. DEVELOPMENT OF STRIKER DYNAMOMETER

A. - Paper Design of Striker with Strain Gage.

1. Modification of design to permit determination of
frequency response,

2. Paper design of required electronics (power supplies,
excitation sources, amplifiers, etc.).

3. Design of %est equipment (Sine generator, measuring
apparatus, etc.).

B. - Manufacture and Davelopment of A (1 to 3).
1. Experimental determination of response.

20' Analysis and synthesis of networks to compensats for
non-linearities in responss,

3. Experimental check of compensated response.

C. - Application of Striker to Standard Charpy Machine.

1. Modification of standard machine for stiriker.

2. Bread-=board setup to measure striker responss against
standard specimens computing energy from force-time
traces and comparing with standard machine results.

3. Analysis of data.

k. Striker modification.

@ e
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D, - Design and manufacturing of pulse generator to simulate photo-
tube ouw“ta

E, - Vesign and construction of pulse amplifier, flip-flop, gate,
and ballistic galvanomster,

F. « Recheck of dynamometer output on standard specimens when connected
into interferometer circuit with pulse generator interrupting

cirecuit.
1, Test,

2, Modification of compénaating network, if necessary, due to
interaction, A

G. PMnal check of force dynamometer at 17 fps on Charpy machins,

11, DEVELOPMENT OF INTERFEROMETER
(Coincidentally with Wheel)

A, - Paper Design of System (fo be done in conjunction with wheel).

1, Moving mirror design.
2. Fixod mirror system,
3. Light source and mounting.
L. Phototube mounting and electric cabling,
50' Housing for 1 to 3.
B. - Flectronics and Amplifiers, etc. Design (Refer to I-E).
1. 2Pulse amplifier,
2, Flip=flop olrcui?,
3, Gats circuit,
i, Energy accumulc’or.
C, - Subcontract.
1, Design of moviry mizror.

2, Design of mirrox (fixed) system, light sourca and
phototube assendbly.

—— e e
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3. Manufacture and test.
D¢ = Bench Test of Interferometer System.

1. Static light flashes to check electronica,

2. Sinusoidal oscillation of moving mirror.

3. Rotation of moving mirror against micrometsr screw,
| E. = Asgembly to Wheel.
1. Assembly and adjustment.

2, Test

I1I. DEVELOPMENT OF MACHINE BLFMENTS

A. - Mechanical Design.

1, Wheel and mounting-

2. Drive system
i | a. Variable speed drive system

b. Speed cont:zol
3. Spead measuring system.
i, Adaptation of striker to wheel

a, Charpy test

b, Igod test

o, Tension tast
5. Adaptation of interferometer system to machine,
6. Design of specimen holding fixture.

a. Charpy (attention to keeping notech cold on
low-temperature specirens)

b. Izod ( " )

¢, Tension




Hesss-Eastern Corp. Final Engineering Report - 138

C.

A

Bs

Ae

B -

Cf‘

= Experimental Development
1, Holding fixtures,
2, Mirrvor (moving) and striker adaptation.

3, Transmission of force data to electronics (cabling
and slip rngs; preamplifier on wheel)

« Manufacturing and Procurcment of items under (A).

IV, FELECTRICAL WIRING AND ELECTRONICS

- Wiring layout.
1. Motor
2. Tachometer
3. Datq system
ho Electronic chasses and racks

« Manufacturing

, = Assembly, cabling and test

V, ASSEMBLY AND TEST OF COMPLETE MACHINE

- Almlyc

Routine checks and speed tests; checks of interferomater
output.

- Specimen Testing.
1. Comparison with Charpy.

2. Comparison of energy recorder with planimetered
force-distannce curves.

3. Check on substitution of force-time data at
higher spoeds.

- Machine aceesptance.

o —— - S e —— ey e
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1.

2.

3

12,
13,
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